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ABSTRACT
Carbon stock dynamics was monitored in Uttara Kannada district, Western Ghats, Karnataka,
for 10 years on 8 one-ha sampling area belonging to different management and forest
categories The study was instituted during 1984 and later monitored till 1994 Our study
indicates that in general the carbon stock has enhanced during the study period with an
average growth of 1 008 t/ha/year. However, there were differences in carbon stocks in
different management regimes The minot forests that are subjected to intense human
pressures had a negative growth rate ie, 0237 t/ha/year, while the reserve Hrests have
carbon assimilation rate of 1 31 t/ha/year. This indicates that the human pressure has certainly
decreased the cartbon accumulation in the forests of Uttara Kannada Despite the
anthropogenic pressure, the minor forests have higher catbon accumulation through recruits
as compared to the reserve forests. Thus it is suggested that a management strategy is needed
to look into enhancing recruitment patterns in minor forest that would become future carbon

stocks
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Introduction

Increase of catbon dioxide (CO;) in the atmosphere has become one of the global
environmental issues in recent years because of its potential to change world climate (Brown
and Lugo 1992 some more references from IPCC) Burning of fossil fuels and smoke
emission by industries, particularly by the cement factories, are some of the reasons attributed
for tise of atmospheric CO; (Brown and Lugo 1992) Increase in the rate of destruction of
terrestiial vegetation has been considered as an important source contributing significant
amount of carbon to the environment (Clark 1982; Houghton 1990, 1991) Due to terrestrial
forest destruction, the carbon sink is diminishing, and the biomass extracted from these
torests is also adding to carbon pool in the atmosphere. Tropical forests, known as the large
stocks of catbon in the form of biomass, when disturbed release more CO; to the atmosphere
(Palm er a/ 1986) Decimation of forest area in the tropics has been continuing over the past
several decades The best option to reduce the increase of CO; in the atmosphere is
considered to opt plantations and forest improvement that has the potential to replace burning

of fossil fuels and to sequester catbon in bulk in the form of biomass.

Attempts have been made to estimate the rate of increase of CO: in the atmosphere by
direct analysis of air and also, data have been presented using the information on conversion
of forest area, soil carbon content and collating to the rate of emission and assimilation to
highlight net flux of CO, Estimated values of net flux of CO; to the atmosphere ranged from
04 to 42 x10"° Gt Clyear (Palm er a/ 1986), and the estimates of annual carbon emission
from forests at the global level are in the range of 04 -16 Gt C /year (Detwiler and Hall
1988} to 11 to 3.6 Gt C/year (Houghton 1991) Such a wide discrepancy in the estimates
could be due to lack of proper information regarding the forest dynamics mainly the rate of
production and degradation of forest Understanding of these is essential to arrive at precise
rate of carbon fixation by a community and the applying it to regional and global level for
estimating the change of CO,; in the atmosphere This study focuses on the dynamics of
standing biomass in tropical forest in the Western Ghats region of south-India and discusses

on the carbon pools of different forests that are managed differently in the locality

Study Site and Methodology

Study area
This study was conducted in Uttara Kannada district (lat, I3 55 101531 ; long, 74 9
to 75 10 E) which is a hilly forested terrain situated all most in the middle of the Western
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Ghats in south India It is the northernmost coastal district of the Karnataka state bordered by
the Arabian Sea in the west Geologically this is a transitional zone between the younger
rocks of Archean shield of indian peninsula Consideting the climate, rainfall, topography
and the major crops, the district can be divided in to 3 distinct zones Coastal zone is 2 narrow
strip, thickly populated, receiving more than 3500 mm annual rainfall Rice, coconut and
ground nuts are the important ctops in this zone The crest line zone is forested, hilly tract,
with low human population, receives 2500 mm rainfall annually. Horticulture and agriculture
is restricted to broad wet valleys and hilkpockets Betelnut and paddy are the important crops
of this zone FEastern flat maidan zone receives less rainfall (1200 mm/ vyear) and the
population density is high Paddy, cotton, ground nut, sugar cane, Jowar and pulses are the

important crops of this zone, mostly rainfed and to a little extent irrigated.

Comprising a total land area of 10,200 kn?, 80% of the total land area in the district is
under the control of forest department Recent report revealed that the forest cover is
declining drastically and at present it is not more than 53% (Forest Sutvey of India, 1999)
Efforts are being made to augment degraded forests and barren lands by planting timber,
pulpwood, fielwood species along with other miscellaneous species. Forests of the district
are legally categorized into reserved forests forming > 60%, minor forests forming about
15%, leaf manure forests (locally known as 'Soppina bettas') form about 5%. Reserved forests
(RF) are for the exclusive use of the state, minor forests (MF} are open access for community

use and leaf manure forests are assigned to spice garden owners under certain privileges

The vegetation of the district is broadly divided into two zones: the wet evergreen/ semi
ever green zone, comprises the areas facing western side fiom crest line up to the sea and the
secondary/ moist deciduous zone, includes area from crest line to the eastern flatter maidan
area. Puri (1960) has classified the forests facing the western side as topical wet evergreen
type and included the eastein part in the tropical moist deciduous type Champion and Seth
(1968) have classified the forests on the western slope as tropical evergreen type and included
the forests of the eastern zome in the category of south Indian moist deciduous type
According to Arora (1961) following forest types are met in the district: evergreen forests,

deciduous forests and scrub forests




Methods

Data on basal area were obtained from eight 1- ha forest plots located in ever green/ semi
cvergreen and secondary /moist deciduous zone in Uttara Kannada district Of these, two REs
and two MFs were identified to represent cach forest zone Brief descriptions on forest sites,
land use category, floristic composition, species richness etc , are given in table 1 In all the
forest sites all individuals 10 cm girth at breast height (ie, at 132 cm from ground) were

marked in 1984 and enumerated as trees Girth measurements in the study plots continued up

to 1994

Above ground standing biomass was estimated from basal area data following
Ravindranath er a/. (2000) Catbon stock in each forest site was estimated assuming that it
forms 50% of the biomass. Changes in the biomass and carbon stock in the forest sites after
10 years was computed by deducting the bench martk vyear values from the final year
values/numbers this included recruits also Annual average gain or loss of carbon was

calculated dividing the net change by the number of years of observations i e , 10 years

Results

The study sites belonged to different forest types and also different management categories
The sites Bhairumbe and Sugavi are MF in moist deciduous zone, while Bidarlli and Sonda
belonged to RFs of the same zone. Mirzan and Chandavar are MFs, in evergreen zone and
Nagur and Santagal are RFs in the same zone In evergreen zone, the MFs showed lower
species diversity as compared to RFs In terms of number of families in these different zones

and differentially managed forests, there was no difference (Table 1).

Basal area, above -ground standing biomass and carbon stocks

Basal area (table 2) varied from 7 69 to 32 62 nf/ha among the sites during 1984. However,
lowest basal area was Mirzan MF (7.69 nf/ha) and maximum in Sonda RF(32 62 nf/ha). In
general, the average basal area in RFs was 28 03 nf/ha as compated to MFs 18 38 nf/ha
during 1984 After 10 years, i e, during 1994, results did not change much, wherein Mirzan
MF had lowest basal area (6 36 nf'/ha). However, the highest basal area was noticed in Nagur
RF (36 92 ni/ha) as compared to Sonda RF (33 41 ni/ha) In general, in 1994 also the basal
arca was higher in RFs (30 98 mz/ha) than in MFs (17 35 nt /ha).
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Estimated values of biomass in different forest sites during the benchmark year L.e, 1984
and after 10 years are given in table 2. Biomass varied from 100 79 to 263 34 t/ha among the
sites during 1984 Lowest biomass was in Mirzan MF (100 79 t/ha) and maximum in Sonda
RF (26334 t/ha) In general, the average biomass in RFs was 233 41 t/ha as compared to
MFs 163 79 nf/ha during 1984 After 10 years, ic, during 1994, results did not change
much, wherein Mitzan MF had lowest biomass (92 12 t/ha) However, the highest biomass
was noticed in Nagur RF {(291.37 t/ha) as compared to Sonda RF (268 49 t/ha) In general, in
1994 also the biomass was higher in R¥s (252.66 t/ha) than in MFs (163 79 t/ha)

Table 3 indicates that carbon stocks ranged from 50 39 to 131 67t /ha, with lowest C-
stock in minor forests and maximum in reserve forest category Carbon stock during the
benchmark year was highest in Sonda (131 67 t/ha) RF and lowest in Mirzan MF (50 39 t/ha).
In general, the average carbon stock in REs was 116 7 t/ha as compared to MFs 85 27 t/ha
during 1984 Even after 10 years, ie, during 1994, results did not change much, wherein
Murzan MF had lowest catbon stock {46 12 t/ha) However, the highest catbon stock was
noticed in Nagur RF (147 35 t/ha) as compared to Sonda RF (136 33 t/ha) In general, in
1994 also the carbon stock was higher in RFs (12632 t/ha) than in MFs (81 &9 t/ha)

Dynamics of standing biomass and C - Pool

Biomass varied highly in different forest typés and management categories (Table 2) The
change in biomass was negative in MFs as compared to RFs The average biomass in the RFs
has improved fiom 23341 tha in 1984 to 25266 in 1994 However, if the biomass
contributed from the new recruits are added, then the total biomass in RFs during 1994 would
be 255 51 t/ha This accounts to 9% increment in the total biomass over 10 years with an
annual increment of 2 2 t/ha/year The rate of increment without new recruits is 1 9 t/ha/year
In the MFs, the trend is negative indicating the extraction of biomass is exceeding the annual
growth rates In MFs the standing biomass has decreased from 170 54 t/ha during 1984 to
167 57 t/ha, with a decrease of 3 03 t/ha over 10 years. It is interesting to note that though the
contribution of basal area from new recruits is relatively higher in MFs, but the total basal
area in the plot is less This indicates that though recruitment is occurring m both the forest

types, but the extraction may be decreasing the basal area addition in MFs

Lh




C-stock and dynamics in different land use categories

Among different forest categories and management regimes. highest carbon stocks were
found in RFs in hilly tegions or upghats of the district (Table 4) followed by the RFs in
coastal area The pattern of RFs having more carbon stocks is indicated here also Overall, the
RFs have more stocks as compared to the minor forests After 10 vears, loss of carbon in
minot forests was 0237% t C/ha/year But in reserve forests it is observed that there was
accumulation of carbon at the rate of 1.31 t C/ha/year When the district as a whole is
considered 1t was observed that the forests are fixing carbon at the rate of 1 008 t C/ha/year.
Thus an average of 6,33,346 6 t of carbon is assimilated every year fiom the forests of Uttara

Kannada

Discussion

Higher productivity of tiopical forests has made them as carbon sinks assimilating higher
carborrdi-oxide that is being emitted globally. There is a growing deforestation of these
tropical forests may limit the rates of assimilation thereby enhancing the already increasing
CO2 concentration in the atmosphere The Western Ghats, one of the biodiversity hotspots of
the world, the present study indicates that reserve forests in Uttara Kannada are assimilating
carbon at the rate of 1008 t/ha/vear This rate, of course, does not involve the herb and
shrubs that are normally left out Thus, the_ actual potential is much higher than the
conservative estimates that are reported here

According to Lugo and Brown (1992), higher values of biomass/C-stock are associated
with less human or natural disturbance or better sites, and human disturbed forests will have
lower biomass Studying the impact of human disturbance on vegetative carbon storage in
forests in China, Wang er a/. {2001) reported a good negative correlation between C-
densities and population densities In the present study, lower biomass/C-stocking in Mirzan
and Chandavar MFs could be attributed to human disturbance. Unless altered or disturbed the
vegetation / forests continue to accumulate biomass and act as carbon sinks (Clarke 1908) In
the present study it was observed that after 10 years accumulation was observed in one minor
forest (Sugavi MF) and two reserve forests (Sonda and Nagur RF} Considering the land use
categories it was observed that MFs have lost 237 t C/ha over 10 years leading to an average
annual loss of 0237 t C/ha/year. Gain of biomass is possible in two ways - through stem
growth or by in-growths (recruits}. Considering these, it is clear that RFs have accumulated
biomass and sequestered 13 09 t C/ha over 10 years period with an annual C-incorporation of

131t C/ ha/year Phillilps ef a/ (1998) reported accumulation of carbon at the rate of 0 74 =
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(.34 t C/ ha / year in Neotropical forests From the present study it is clear that MEs ate the
sources of atmospheric catbon while RFs are the C-sinks. The over all scenatio of the
districts is that forests are C-sinks, since the annual rate of G- sequestration is 1 008 t/ha.
which is higher than the value reported by Phillips ef a/ (1998) for Neotropical forests It is
estimated that 6865 1 miltion tons of carbon is stored as above ground biomass in Indian

forests (Pandey, 2002)

It is interesting to note that in spite of dependence of local people on MFs (and also on
RFs) for meeting their requirements such as fuelwood, leaf manure, fodder etc , some of the
sites have shown remarkable accumulation of biomass and carbon According to Montagnini
and Porras(1998) mixed species stands have relatively more capacity to produce high level of
biomass because of difference in G fixing rates by the species Young forest stands and
plantations have been shown to grow faster and sequester carbon at faster rate (Shepherd and
Motagnini, 2001). Less intra-specific competition following thinning allowed existing trees to
grow faster. Disturbance in the forest promotes other species to invade and also prompts
existing individuals to grow at faster rate Recovering forests after previous disturbances
accumulate more biomass and catbon (Brown and Lugo, 1990). In the present study all are
natural forests with mixed species composition but have undergone disturbances. Such

disturbances favoured faster incorporation of carbon in to the forest stand.

Considering the loss of vegetation /forest and emission of carbon to the atmospheric after
conversion of forest land, Detwiler and Hall (1998), Houghton (1990), Post et a/ {1990}
opined that tropical forests ate sources of atmospheric carbon. In the present study it was
observed that MFs of the coastal zone and to some extent RFs are subjected to intensive
human pressure According to Ravindranath et al (1997), firewood is the dominant fuel for
cooking in rural areas Since the forests are easily accessible, human pressure 1s more for
meeting the requirements According to Gadgil et a/ (1987), in this locality, 93% of the
domestic fuel consumption is the wood fuel Combustion of fuelwood is an mmportant source
of C-emission to atmosphere and it is released through firewood burning. From the present
observation, it is clear that MFs are the source of atmospheric C Thus C-emission exceeded
the C-fixing in MFs due to open accessibility It is clear from the current study that
management purpose has played a key role enhancing the carbon accumulation It is
important to note that the MFs, though have experienced a ne gative trend in carbon

accumulation, but the rate of biomass accumulation of new recruits is higher then the RFs




indicating that regeneratton 1s higher in MFs Thus, this calls for a strategy to manage the
forests in a way that rate of recruitment could be enhanced in order to offset the loss of

carbon in the standing stocks
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Table 3: Estimated carbon stock (t/ha) & C- Dynamics (t/ha/year) in different forest sites in
Uttara Kannada district of the Western Ghats.

Forest site & Estimated Change in | C-stock during | Net change in Annual
Land use category C-Stock during C-stock | 1994 including | C-stock (%) | carbon loss/
1984 1994 (o) recruits gain (%)

Bhairumbe MF 95.72 92,61 -3.1 95.19 -0.52 (-0.54) | -0.052 (-0,054)
Sugavi MF 98.74 103.21 4.47 107.18 +8.44 (+8.54) | +0.844 {+0.85)
Bidralli RF i111.45 105.72 -3.73 107.18 -4.27 {-3.83) -0.427 (-0.38)
Sonda RF 131.67 134.24 2.57 136,33 +4.66 (+3.53) | +0.466 (+(.33)
Mirzan MF 50.39 46.06 -4.33 46.12 -4.27 (-8.47) -0.427 (-0.84)
Chandavar MF 96.23 85.7 -10.53 86.65 -9.58 (-9.93) -0.958 (-0.99)
Nagur RF 93.62 145.68 52.06 147.35 +53.73 (+57.39) | +5.373 (+5.73)
Santagal RF 130.07 119.67 -10.4 120.16 -9.91 {-7.61) -.991 {-0.76)
Average MFs (mean=SD) | 8527+23.29 | 81.89£2495 | -337 £6.95 83.79 £26.48 -1.48 +£7.48 -0.15 £0.758
Average RFs (mean £8D) | 11670+ 17.91 | 126321737 9.62 £28.79| 127.75+ 17.68 11.05 £29.07 b1 £2.09
t-value between mean of 213 292 088 276 083 083
RF and MF
P value 0.07 0.03 0.44 0.03 0.46 g.46
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T'able 4: Estimated catbon stock (t'ha) & C- Dynamics (t/ha/yr) in different forestland use
types and in Uttara Kannada district of the Western Ghats. Averages for each forest type is
weighted average using the mean of that area from the sample plots and the area of the forest

type in that region’

Forest site & Land use Estimated Change in C-stock Net Change in | Annual loss/gain
category C-Stock during C-stock during 1994 C - stock (%) of carbon (%)
1984 1994 including
recruits
Average of MFs of hilly 97 22 9795 069 101 18 +396 (+4 07) +0 396
(upghat) area
Average of RFs of hilly 12156 | 11998 -1 58 121 75 -0.19 (-0 15) .0i9
(upghat)} area
Average of hilly (upghat)] {0151 101.79 0286 104 80 3297 (+324) +3 3297
area
Average of MFs of 73.35 65 88 -7.43 66 38 -6 93 (-9 45) -0 692
Coastal Area
Average of RFs of 111 84 | 13267 20 83 133 75 +21 91 (+19 59) +2 191
Coastal Areas
Average for Coastal area | 81.44 79.97 -1.47 80.60 -0.84 (-1.032) -0.084
Average of MFs of 83.32 75 28 -4 04 8095 -2.37 (-2 84) -0237
Uttara Kannada district
Average of RFs of 106 94 118 04 1109 120 04 1309 (1223) 131
Uttara Kannada
District
Uttara Kannada district 102 34 110 49 814 112 42 1008 (9 84) 1 008
average

' According the Karnataka Forest Department records, 505920 ha of land is under RE and 122400 ha
of MF in Uttara Kannada district In coastal zone, 266176 ha is designated as RF and 71187 ha is
under MF. Simtlarly, 239744 ha is under RF and 51213 ha is under MF in the upghat or hilly zone of

the district.




